Canids display a vast diversity of social organizations, from solitary-living to pairs to packs. Domestic dogs have descended from pack-living gray wolf-like ancestors. Unlike their group living ancestors, free-ranging dogs are facultatively social, preferring to forage solitarily. They are scavengers by nature, mostly dependent on human garbage and generosity for their sustenance. Free-ranging dogs are highly territorial, often defending their territories using vocalizations. Vocal communication plays a critical role between inter and intraspecies and group interaction and maintaining their social dynamics. Barking is the most common among the different types of vocalizations of dogs. Dogs have a broad hearing range and can respond to sounds over long distances. Domestic dogs have been shown to have the ability to distinguish between barking in different contexts. Since free-ranging dogs regularly engage in various kinds of interactions with each other, it is interesting to know whether they are capable of distinguishing between vocalizations of their own and other groups. In this study, a playback experiment was used to test if dogs can distinguish between barking of their own group member from a non-group member. Though dogs respond to barking from other groups in territorial exchanges, they did not respond differently to the self and other group barking in the playback experiments. This suggests a role of context in the interactions between dogs and opens up possibilities for future studies on the comparison of the responses of dogs in playback experiments with their natural behavior through long-term observations.
Introduction
Living in a group has considerable impact on an individual's life. Communication, both within and between groups is imperative for group living to be sustained. Vocalizations are primarily used in social interactions by higher order organisms, and tend to attract the attention of humans due to their similarity to the most common means of human communicationspeech. Humans are probably the only species to have evolved a multitude of complex linguistic systems for communication. However, other species like honeybees, dolphins, elephants etc. have been found to use complex communication that are akin to languages (Seyfarth & Cheney, 2010) .
Communication in animals, however, is not limited to vocalizations and can be acoustic, visual, olfactory and tactile. How individuals communicate with conspecifics and with other species and how these systems vary from human communication systems, are questions that continue to intrigue us, leading to a large body of research (Marler P, 1961) . While communication is a prerequisite for evolving social behaviour, social interactions tend to shape the personalities of individuals, influencing the manner in which they communicate. For example, social interactions contextualize vocalizations (Yin, 2002) Canids are good model systems for studying vocalizations, as they show different levels of social organization and actively communicate using vocalizations, though olfactory signals also play an important role in canid communication (Cohen & Fox, 1976) . For example, within wolf packs, howling plays a critical role to reassemble separated individuals, as well as to communicate information on individual identity, location, and other behavioral and environmental factors (Theberge & Falls, 1967) . Communication in dogs (Canis lupus familiaris) involves both their conspecifics and humans. Dogs have a broad range of vocal repertoire (Yeon, 2007) . Although their vocalizations are quite similar to their close relatives, the gray wolf (Canis lupus lupus), dogs vocalize in a wider variety of social contexts as compared to wolves (Pongrácz, Molnár, & Miklósi, 2010) . The vocal behaviour of dogs underwent considerable changes during the domestication process, which is considered to be a result of the dog's adaptation to the human social environment (Feddersen-Petersen, 2000) . Among the different vocalizations, the bark is undoubtedly the most typical of dogs. Barks are the short and repetitive signals, with a highly variable acoustic structure (dominant frequency range between 160 and 2630 Hz), which also differs between breeds and even between individuals. They are generally used in short-range interactions and several behavioral contexts, like greeting, warning/alerting, calling for attention, or during play (Feddersen-Petersen, 2000) . Recent studies have reported that similar to barks, growls also convey meaningful information to dogs (Taylor, Reby, & McComb, 2009 ). These low-frequency broadband vocalizations are mainly produced during agonistic interactions as a warning or threatening signal or play interactions. Dog's acoustic communication includes whines, which are indicators of stressful arousal but also greeting and attention-seeking behaviour; howls, which maintain group cohesion; groans, signs of acute distress and acute pain, respectively; and grunts, which are generally considered as a pleasure-related signal (Yeon, 2007) .
Behavioral variation between wild and domestic populations is considered to be a reflection of change in genetic variation caused by the domestication process. This might hold true for domestic dogs (Yin, 2002) . Though dogs are primarily perceived as domesticated animals or pets, nearly 80% of the world's dog population comprises of free-ranging dogs (Daniels & Bekoff, 2015) . Domestic dogs which are not under direct human supervision and whose activities and movements are not restricted by humans are termed as free-ranging dogs (Serpell, 2016) . Free-ranging dogs are distributed in most countries of the global south and are known to live in groups (Verardi, Lucchini, & Randi, 2006) . They occupy every possible human habitation in India, from forest fringes to metropolitan areas, from the Himalayas to the coasts (Sen Majumder, Paul, Sau, & Bhadra, 2016). Pet dogs are typically under the supervision of their owners, typically deprived of their ancestral social environments during development; such social changes have the potential to lead to changes in their vocal habits. Free-ranging dogs, on the other hand, tend to live in stable social groups , and they interact with other groups in situations of conflict like territory maintenance and sometimes of affiliation, like mating. They also show interesting cooperation-conflict dynamics within their groups () through various affiliative and agonistic interactions. Vocalization plays a vital role in maintaining the social dynamics within and between groups.
Pet dogs are known to have the ability to discriminate between conspecific barks emitted in different domestic contexts recorded either from the same or different individuals (Molnár, Pongrácz, Faragó, Dóka, & Miklósi, 2009 ). Using spectrogram analysis, dog barks can be divided into different subtypes based on their context and dogs can be identified by their bark spectrograms, irrespective of the context of the bark (Yin & McCowan, 2004) . Several studies have been carried out to understand communication in dogs and between dogs and humans, involving pets, but little is understood of this behavior in a natural environment. It is a common observation that free-ranging dogs not only exchange barks and howls among their group members and neighbouring groups, but also with groups that are out of the visual range of the dogs. Hence vocalizations definitely play a key role in inter and intra-group communication.
However, it is not understood whether the free-ranging dogs can identify and respond accordingly to the barks of individuals, without the context of the territory, by merely hearing the sound.
In this study, we carried out a set of behavioral observations and experiments to understand if they respond differently to the recorded barks of their own and other groups, in a playback experiment carried out within their territories. We hypothesized that if dogs are able to distinguish between the barks and identify their own from the other, they would respond differently to the two sounds. We thus aimed to use the response of the dogs, both as individuals and as groups, to the playback tracks as a bioassay for addressing the more interesting questioncan dogs distinguish between their own barks and those of others, in the absence of any context.
Methods-

A. Subjects and study area
In this study, we tested 157 free-ranging dogs belonging to 40 groups with a minimum group size of three adults. Individuals that were sighted to show affiliative interactions (allogrooming, playing, walking together, sharing food, etc.), resting or moving together, within an approximate distance of 1 meter from each other, and/or defending territories together against other dogs, were considered as a group. Dog groups were located in four different urban areas -Bandel Supplementary Figure 1 for details) and tracked for several days to ensure group identity, prior to the experiment. For all the dogs used in the study, we recorded the sex (by observing their genitalia) and the age class (pups, juveniles or adults, based on body size and genital structures) of the dog (Morris D, 1987) .
For each of the groups, the members of the group were identified individually using a combination of coat colour patterns, other physical features like ear notching, bending of ears, scars etc. and sex.
B. Experimental Procedure
We used a playback to test whether the dogs can distinguish between their own group's barking sound from that of a different group. The experiment consisted of two phasesthe recording and the playback phases, which were carried out on two different days with a minimum gap of 30 days between the two phases (See Supplementary Figure 2 for details).
(i) The Recording phase
The experimenter (E) went to the territory of each group and ensured that at least three adult individuals of the group were present, before carrying out the experiment. E carried out behavioural observations on the group for one hour using All Occurrences Sessions (AOS) of 10 minutes each, followed by two minutes breaks (Altmann, Loy, & Wagner, 1973) . She recorded all the vocalizations of the group that occurred during this period using a Sony IC audio recorder ICD-UX533F irrespective of the context of the vocalization. Signals were recorded at a sample rate of 44.1 kHz and a sample size of 16 bits. For each group, the barking track which had the least noise and was of the longest duration, was selected after completion of observations. The chosen tracks were subjected to removal of additional background noise using the Ocenaudio software. The tracks thus prepared were used for the playback experiments.
(ii) Playback phase
Three barking tracks were used for the playback experiment, among which one was the self group's barking, and the other two were from two randomly chosen "other" groups. This phase of the experiment was further divided into the following phases: a) Observation phase I: E went to the territory of each group and ensured that at least three adult individuals belonging to the group were present in the area. She hid a Bluetooth speaker within the territory, either behind a bush or some human artefact already existing within the territory, approximately 3-meter away from the center of the group. She then carried out observations using AOS as before, for one hour. This was done to check for the baseline behaviour of the group (control) before the test or playback phase. b) Playback phase: Following the observation phase I, the experimenter played one of the three tracks, chosen randomly, from her cell phone using the Bluetooth speaker. When the track stopped, the group was allowed 2 minutes to settle down before playing the next track. All three tracks were played in random order during the playback phase I, with 2 minutes settling time between the tracks. Each track was played only once to a group. E recorded the response of the dogs on a Sony HDR-PJ230 video camera during this phase. c) Observation phase II: At the end of the playback phase, the group was observed for 30 minutes using AOS as before. This was done to ensure that the group settled down after the playback phase.
The playback phase was repeated twice more, with a 30-minute observation phase in between them. Thus, there were three playback phases in total, interspersed with two observation phases of 30 minutes each. The three tracks were randomized for the order of playback during each of the playback phases.
C. Data analysis and statistics
All the videos were coded by E, and the data subjected to further analysis. The responses of each group were coded for latency, response duration, the type of response, and the number of individuals that gave a response. The analysis was carried out for the tracks separately, grouped as self and other. The alpha level was 0.05 throughout the analysis. All statistical analyses were performed in R 3.5.3 (R Core Team, 2019).
(i)
Response index: Responses were categorized into three major behavioural types - 
Duration 90%
The difference between the 5% and 95% times. (s)
Bandwidth 90%
The difference between the 5% and 95% frequencies.
(Hz)
Aggregate Entropy
The disorder in a sound by analyzing the energy distribution within a syllable.
Table 2. The acoustic parameters used in the spectrogram analysis and their description
A generalized linear mixed model (GLMM) analysis was carried out to check for the effect of these parameters on the response index for the groups, Laplace approximation using the "glmer" function in the "lme4" package with group_ID as a random effect and response index as the fixed effect was used for the GLMM analysis. AIC values were compared in order to get the best-fitting models.
Further, Principal Components Analysis (PCA) was carried out using the ten syllables of all the groups, considering locality as a variable, and A generalized linear model (GLM) analysis was carried out with Poisson Regression to check for the effect of the locality and group size on the response index for the groups.
(iii) Analysis of AOS data: The frequency per hour of aggression, affiliation, urine marking and vocalization behaviours in the three AOS for each group in the playback experiment and the recording experiment were compared using Kruskal-Wallis rank sum tests followed by pairwise Mann-Whitney tests with Bonferroni correction method whenever required.
Results
Response
Dog groups did not show significantly different levels of response to the self and other group's barking (Contingency chi-square test, χ2 = 0.066708, df = 1, p = 0.796, Figure 1) . The response and no-response levels were comparable in the self (Goodness of fit, χ2 = 0.1, df = 1, p = 0.998) and other (Goodness of fit, χ2 = 0.3, df = 1, p = 0.584) conditions, which suggests that the chance of responding to a bark was random. The latency to respond was comparable in the self and other conditions (Wilcoxon Paired-Sample Test, V = 464, p = 0.305, Figure 2a ). No significant difference was found in case of response duration in self and other conditions (Wilcoxon Paired-Sample Test, V = 481, p = 0.207, Figure 2b) . We found no significant difference in the proportion of responsive individuals between self and other conditions (Goodness of Fit, χ2 = 0.00036364, df = 1, p = 0.984, Supplementary Figure 3 ).
Males and females responded equally in both the self and other conditions (Contingency chi-
square test, χ2 = 0.0001, df = 1, p = 0.997). When the responses were pooled across conditions to check for any gender bias, the overall responses of males (49.5%) and females (50.5%) were comparable (Goodness of fit; χ2 = 0.02, df = 1, p = 0.887, Supplementary Figure 4) suggesting that there was no gender bias in response to the barking sound.
The nature of response in the self and other conditions was comparable (Contingency chi-square test, χ2 = 2.1469, df = 3, p = 0.542, Figure 3 ). Change of state was the most common of the four kinds of responses (Goodness of fit; χ2 = 29.448, df = 3, p < 0.005).
Consistency in trials
a) Group level: The consistency of groups in all the three trials was compared for self and other conditions. There was no significant difference in the consistency for different conditions (Contingency chi-square test, χ2 = 3.3929, df = 1, p = 0.065, Figure 4) . The observed consistency was not significantly different from the expected consistency, as calculated using the probabilities of response occurring in two of three and three of three trials (Goodness of fit; χ2 = 0.10667, df = 1, p = 0.744).
b) Individual level: The consistency of individuals in all the three trials was compared for self and other conditions. There was no significant difference in the consistency for different conditions (Contingency chi-square test: χ2 = 0.80585, df = 1, p = 0.369, Figure   4 ). The observed consistency was comparable to the expected consistency (Goodness of fit: χ2 = 2.1572, df = 1, p = 0.142).
c) First responder: The consistency of the first responder in all the three trials was compared for self and other conditions. There was no significant difference in the consistency for different conditions (Contingency chi-square test: χ2 = 0.53706, df = 1, p = 0.463, Figure 4) . The observed consistency was not significantly different from the expected consistency (Goodness of fit; χ2 = 0.88889, df = 1, p = 0.346). There was no significant difference in the response of the first responder on the basis of gender (Male 52.9%, female 47.1%; Goodness of fit; χ2 = 0.29412, df = 1, p = 0.588).
Response Index
The RI was calculated both at the individual and group levels for each type of playback conditions. For each group, we checked for any correlation between the response index of the group and the level (frequency per hour per individual) of aggression shown by the group during observations, as calculated from the AOS data, and found them to be uncorrelated (Pearson's correlation test: df = 38, p = 0.913, R 2 = 0.178, Supplementary Figure 5) .
Similarly, the RI was calculated for each individual, and this was tested against the frequency per hour of aggression behaviour, and the two were found to be uncorrelated (Pearson's correlation test, df = 155, p = 0.552, R 2 = 0.047, Supplementary Figure 5) .
These results suggest that the response to the barking by either the group or an individual is not dependent on the level of aggression by them.
Sound analysis
Group-wise -The six acoustic parameters for each track were subjected to PCA. PC1 and PC2 together explained 84.54% variation in the data (See Supplementary Table 1 and Table 2 for details). The PCA plot revealed clustering of the tracks, irrespective of group identity (Figure   6a ).
Area-wise -PC1 and PC2 together explained 64.59% variation in the data. The PCA plot revealed clustering of the tracks, irrespective of group's area identity (Figure 6b ).
GLMM analysis revealed no significance of the group's size and groups' locality on the RI of the groups (See Supplementary Table 3 for details).
The acoustic parameters across groups were mostly overlapping. GLMM analysis with acoustics parameters suggests that Peak_f, Duration 90%, and Entropy have significant effects on the RI of the group (See Supplementary Table 4 for details) . Using GLM analysis, we found neither group ID nor the track combinations to affect the RI of the group (See Supplementary Table 5 for details).
Behavioural Observations
There was no significant difference in the levels of vocalization (Kruskal-Wallis test, χ2 = 3.9574, df = 3, p = 0.266), and urine marking behaviour (Kruskal-Wallis test, χ2 = 1.0489, df = 3, p = 0.789). However, aggression in the recording phase and first session of playback were significantly higher than in the second and third sessions of the playback, although aggression in the recording phase was comparable to the first session of the playback (Kruskal-Wallis test, χ2 = 9.3204, df = 3, p = 0.025) (See Supplementary Table 6 for details). Similarly, affiliation behaviour in the recording phase and first session of playback were significantly higher than the third session of the playback and were significantly lower than the second session of the playback, although aggression in the recording phase was comparable to the first session of the playback (Kruskal-Wallis test, χ2 = 8.9904, df = 3, p-value = 0.029) (See Supplementary Table  Discussion Free-ranging dogs live in stable social groups and are known to be territorial. communicate both within and between groups. Free-ranging dogs exchange barks, growls and howls, for both long and short distance exchanges between individuals and groups. It is common to hear them use vocalizations, especially during the night, when one or more individuals of a group respond to calls of others, who might not be present in the vicinity of the group, or even within the visual range. However, in such cases, the presence of the group members in their territory provides a context to this behaviour. The current study was designed to test whether dogs are capable of distinguishing between the barks of their own group and others when the sounds are played to them in a context-independent scenario.
In our study, the free-ranging dogs showed similar responses to recorded barks of their own and other groups. Not only did the response rates not vary, but the latency to respond, duration of response and nature of response were comparable between the responses to the two kinds of barks. This strongly suggests that the dogs were not able to distinguish between their own group's bark from another group's bark. The response, when observed, mostly consisted of alertness, rather than more energy-intensive responses like movement and vocalizations. This again suggests that the dogs were not much perturbed by the playback sound of the bark that was presented to them out of context and did not have any other kinds of cues, either visual or olfactory, associated with them. This result was consistent at both individual and group levels, and there was no gender bias in the responses, suggesting that the territorial response per se is not gender-dependent. This directly challenges the common belief that the alpha member of dog groups is always a male, who is the most aggressive and reactive member of the group. The fact that the dogs responded similarly to all the three sound tracks suggests that they were unable to identify their own barking as distinct from the others.
Our spectrogram analysis of the 400 barks revealed that the barks were extremely similar in their auditory traits, largely overlapping with each other in the PCA space. Thus, it is impossible to distinguish between the different barks analytically. This result, when coupled with the responses of the dogs in the playback experiment, is interesting as it suggests an essential role of context for their behavior. It thus seems reasonable that the dogs were not able to distinguish between the different barks when no context or additional cue was provided to them. Perhaps a combination of visual, olfactory and auditory cues is required to produce territorial responses to the barking of other groups, as opposed to their own. Just the barking sound, detached from any context, produces an immediate response, mostly of alert. The fact that they showed comparable aggression and vocalization levels in the three observation sessions highlights that their responses were momentary and did not stress out the groups or leave an impact on them.
In conclusion, our study points towards the importance of context and combined cues for eliciting behavioral responses from the free-ranging dogs. The presence of humans also makes them cautious. Hence, some biases may have been involved due to the presence of the experimenter within the territory, though this would be a constant bias across experiments. We tried to record the barking tracks at the group's natural habitat, which included background noise while recording. These background noises might interfere with the barking, which makes some biases in response. Despite all these factors, we get an opportunity to understand the response of the free-ranging dogs to different types of barking sounds and from this basic study; many puzzles can be solved like the role of vocalizations in inter and intra-group communications and Group_ID (Intercept) 0.296 0.544 *Signif. codes: 0 "***" 0.001 "**" 0.01 "*" 0.05 "." 0.1 " " 1 Group_ID (Intercept) 0.375 0.612 *Signif. codes: 0 "***" 0.001 "**" 0.01 "*" 0.05 "." 0.1 " " 1 
Recording Phase First session Second session
First session U = 840, p = 0.703
Second session U = 1434, p < 0.008 U = 1303, p < 0.008
Third session U = 1562.5, p < 0.008 U = 1422.5, p < 0.008) U = 1098, p < 0.008 
First session Second session
First session U = 750.5, p = 0.636
Second session U = 1310.5, p < 0.008 U = 1356, p < 0.008
Third session U = 1439, p < 0.008 U = 1459, p < 0.008 U =1096, p = 0.004 
